Thus, the interaction of applied fertilizer with available soil moisture through deep placement management strategy improved the spikelet number and weight. Improvement in yield components increased the grain yield and in turn the agronomic nitrogen use efficiency. Annual and seasonal rainfall which replenish the stored soil moisture could be utilized efficiently through proper N management intervention. The hypothesis that the improved water use efficiency in a rainfed rabi environment characterized by receding stored soil moisture can be brought about by deep placement of N fertilizer in rabi sorghum was validated.
Studies on early-season and mid-season cold temperature stress on growth and yield components in diverse classes of winter sorghum are essential for targeting hybrid development that is otherwise confined only to rainy season-grown sorghum. The results showed that from among the 194 winter sorghum genotypes belonging to 5 groups -varieties, B-lines, R-lines, hybrids and germplasm lines, 81% of the genotypes were correctly placed in their respective groups based on discriminant analysis. Principal component analysis showed that most of the traits involved in the study are important and variability cannot be explained by a few traits and the traits recorded at seedling and maturity stages were explained by different principal components. Most of the traits recorded under cold stress at seedling stage did not correlate with those recorded under cold stress at anthesis. There is scope for improvement of individual groups for seedling dry fodder yield and grain yield, more so in the case of hybrids and female parental lines. Breeding for cold tolerance at seedling as well as anthesis stages has to be separately targeted. Thus, for developing new winter sorghum hybrids, female parental lines have to be diversified and improved for grain yield and percentage of seed set by crossing with promising germplasm lines identified in the study.
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SORGHUM is the fifth important cereal crop grown across the world for diverse uses -such as food, feed, fodder, fuel and fibre crop. Due to its African origin, the crop has adapted to hot and dry ecologies; however, due to gradual introduction to semi-arid tropics and temperate regions across the world, it has developed variants to suit new ecologies 1 . Due to its inherent ability to adapt to a wide range of climatic conditions, sorghum occupies a special niche in the current scenario of rapid climate change. However, being a crop of the tropics, it is considered as a cold susceptible species, though cold-tolerant germplasm has been identified. It suffers from chilling injury during the seedling stage and poor seed set during the reproductive stage when exposed to temperatures below 15C. Cold temperature at flowering seems to be more detrimental to the yield of sorghum. All yield components, including panicle weight, number of seeds per panicle, grain yield and seed size are severely affected by midseason cold stress 2 .
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India is the largest producer of sorghum in the world. The crop grown in rainy and post-rainy seasons in India, with cultivars specific to the season of cultivation. Postrainy season sorghum grown in winter occupies a special place catering to the food and fodder needs unlike the rainy season sorghum which is mostly damaged due to grain mould infection prevailing during the season. It is a known fact that adoption of hybrid technology is mainly restricted to sorghum grown in the rainy season, while the post-rainy sorghum tract is dominated with land-races. One reason for the failure of hybrids during winter season is the poor seed set experienced by them when the night temperature falls below 15C. Profuse tillering is also observed in seedlings when the plants experience low temperature at the seedling stage. Though several studies were carried out independently on seedling cold tolerance and a few on cold tolerance at anthesis, the relationship between the two under natural screening has not been studied. Also, establishment of a strong relationship between seedling cold tolerance and anthesis cold tolerance would facilitate the rapid screening of a large number of germplasm lines for identification of cold tolerant sources. Sorghum germplasm with tolerance to cold at seedling stage has been reported earlier 3, 4 . Stress imposed at seedling stage under controlled conditions did not affect yield parameters, though a delay in maturity was observed 1 . However stress at flowering stage was detrimental to yield 1 . However, the study 1 did not include breeding groups, especially hybrids, the commercially important breeding group. Cold-tolerant lines produced higher number of seeds under self-and open-pollinated conditions than cold-susceptible lines 5 . Keeping this in view, a study was taken up to determine the effect of early-season stress on growth components, and midseason cold temperature stress on yield components in diverse classes of sorghum, and derive the relationship between traits recorded at the two stages. The second objective was to identify sorghum germplasm accessions tolerant to early-and mid-season cold temperature stress, that can serve as sources of cold tolerance for use in breeding programmes.
The study was conducted under field conditions at two different locations in India. Experiment I examined the effect of cold temperature stress imposed at the seedling stage, while experiment II dealt with similar stress enforced during the flowering stage. The first experiment was laid out at Mahabaleshwar, Maharashtra (India) and the second experiment was conducted at the Indian Insti- The experiments at both locations were planted in RCBD design with two replications. In experiment I, seedling growth parameters at 21 days after sowing and in experiment II, agronomic traits and yield components were recorded at maturity (Table 1) . To determine the differences among genotypes for quantitative traits, variance analysis was performed. Pearson's correlation coefficients (r) between all the recorded parameters were calculated. Principal component analysis (PCA) was performed to evaluate the contribution of each qualitative and quantitative character to the total variations of genotypes. The genotypes were grouped based on their utilization in the breeding programme. The diversity/distance between the breeding groups was assessed by measuring the inter-cluster distances using Mahalanobis distance (D 2 ). Discriminant analysis was used to assess if the genotypes conformed to the groups they were classified into. Data analysis was carried out using Genstat 12th edn.
Analysis of variance performed on the quantitative data showed significant (P  0.05) variation among the 194 sorghum genotypes for all traits. The genotypes were divided into various breeding groups such as varieties (44 genotypes), B-lines (11), R-lines (16), hybrids (10) and germplasm lines (113). The coefficient of variation (CV), also known as relative standard deviation (RSD), is a standardized measure of dispersion. It shows the extent of variability in relation to the mean of the population. It is used for comparison between datasets with different units or widely different means. Among the traits, the seedling dry fodder yield and grain yield showed highest CV. The B-lines and hybrids were more variable for percentage of seed set while the germplasm lines were more variable for 100-grain weight. Among the groups, varieties showed greater CV for the trait seedling vigour. B-lines were most variable for seedling height, plant height, leaf length, panicle width and panicle harvest index. R-lines were most variable for the number of primaries, hybrids for grain yield and percentage of seed set and germplasm lines for seedling leaf number, seedling dry fodder yield, days to 50% flowering, leaf width, panicle length and 100-grain weight.
Varieties performed best for seedling height (16.4 cm), plant height (233 cm) and leaf length (66 cm). B-lines performed best for seedling vigour (1.8) and panicle length (23 cm). R-lines performed best for leaf length (66 cm), panicle width (5.5 cm), grain yield (3540 kg/ha) and panicle harvest index (72.8). Hybrids performed best for most of the seedling traits such as seedling vigour (1.8), seedling leaf number (5.5) and seedling dry fodder yield (29.6 kg/ha), indicating their early vigour. Apart from this, they were early flowering (74 days). Germplasm lines were early flowering (74 days) and had more seedling leaf number (5.5), greater leaf width (6.6 cm), more number of primaries (54.7), greater seed weight (3.6 g per 100 grains) and better percentage of seed set (80.5) compared to the other groups ( Table 2) .
The seedling dry fodder yield, representing cold tolerance at seedling stage, was significantly associated with all other seedling traits (greater seedling vigour and height and more number of leaves), early flowering, low panicle harvest index, lower number of nodes and primaries. Percentage of seed set and grain yield were significantly and positively associated with each other (0.36) as well as with seedling height, plant height, grain size, number of nodes, leaf length and width, panicle width and number of primaries, and negatively associated with panicle length. While percentage of seed set was significantly and negatively associated with panicle harvest index (-0.09*), grain yield was positively and significantly associated with it (0.22**). Panicle harvest index was significantly associated with less number of leaves at seedling stage, low seedling dry fodder yield, late flowering, greater plant height and grain yield, smaller grain size, narrow width of leaves, greater panicle length and width, less number of primaries and poor seed set (Table 3) .
PCA showed that out of the ten principal components (PCs), the first five explained majority of the total variation. These five PCs with eigenvalue >1 contributed 66.5% of the total variability amongst the sorghum genotypes assessed for various morpho-physiological traits (Table 4) . PC I contributed maximum towards the variability (29.01%) followed by PC II (13.38%), PC III (9.8%), PC IV (7.46%) and PC V (6.83%). PC I was explained by variations among accessions mainly for traits such as grain yield, number of nodes, leaf length, leaf width, plant height and panicle width, which had positive factor loading on PC I. Similarly, PC II was related to diversity among sorghum genotypes due to seedling dry fodder yield, seedling leaf number, seedling plant height and seedling vigour, and which had negative loading. PC III was explained mainly by the variation among genotypes that resulted from 100-grain weight, days to 50% flowering, panicle harvest index, panicle length and percentage of seed set. In this PC, panicle length showed a negative contribution, PC IV was explained negatively by variations resulting from days to 50% flowering and leaf width, and positively by plant height and seedling height. PC V was explained positively by variations resulting from panicle harvest index and panicle length, and negatively by the number of primaries and seedling height (Table 4) analysis using the type of breeding group as a grouping variable revealed that 149 out of 184 genotypes (81%) were correctly classified to their breeding groups ( Table  5 ). The percentage of genotypes correctly classified was relatively high for germplasm lines followed by varieties, R-lines and B-lines. The relationships among the groups were assessed by measuring the inter-group distances using Mahalanobis distance (D 2 ). The lowest inter-group distance (1.57 units) was between R-lines and varieties. The highest inter-group distance (11.89 units) was between B-lines and germplasm lines (Table 6) .
Being a crop of the tropics, sorghum is sensitive to cold temperature compared to other crops such as maize. The crop experiences poor stand establishment and growth due to cold temperature stress at the seedling stage and poor seed set when exposed to cooler night temperature at anthesis, especially in hybrids. Five groups involving 194 genotypes were included in the present study. The crop expressed differential performance based on the breeding group involved. Seedling growth was greatly affected by exposure to cold stress at the seedling stage. This might be due to the effect of cold temperature on key cellular functions and photosynthetic activity 6 . The genotypes were variable for all the traits. Similar genotypic differences were earlier observed in sorghum on exposure to cold stress 1 . All the groups exhibited the highest CV for the economically important parameters such as seedling dry fodder yield and grain yield. Apart from these traits, high CV was exhibited by B-lines and hybrids for percentage of seed set, and by the germplasm lines for 100-grain weight. This signifies the existence of a high degree of variability with regard to these traits in the individual groups. The results also indicate that there is scope for improvement of seedling dry fodder yield and grain yield, which are important traits indicative of tolerance to cold stress at the two stages, in all the groups. It is well known that the hybrids involving winter sorghum genotypes show poor seed set and the present findings indicate that there is scope for improvement in the hybrids as well as female parental lines of the hybrids (B-lines). Earlier reports also indicated similar results 7 . Among other parameters, greater variability was observed in varieties for seedling vigour, B-lines for panicle harvest index, R-lines for the number of primaries, and hybrids for grain yield and percentage of seed set, indicating scope for further improvement within these groups for these important traits. The need for improvement of these traits in winter sorghum was also considered in another study 8 . Mean performance among the groups indicated that the R-lines had good grain yield, while the hybrids were more tolerant to cold stress at the
